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(54) Charged particle beam apparatus and method of operating the same 



(57) A charged particle accderator (100) has a 
switching device (166) for switching on and off the 
extraction of a charged particle beam, an irradiation unit 
(110) has electronnagnets (220. 221) for setting an irra- 
diation point of the charged particle beann to be in^adi- 
ated on an irradiation target, and a control unit (130) 
controls the switching device to cause it to switch on 
and off the beam extraction and the electromagnets 
(220, 221) to cause them to change the irradiation point. 
When the switching device (1 66) switches on the extrac- 
tion of the charged particle beam circulating through the 
charged particle accelerator (100) into the irradiation 
unit (100), the charged partide beam is irradiated on the 
irradiation target in the irradiation unit When the switch- 
ing device switches off the beam extraction from the 
charged partide accelerator into the irradiation unit, the 
irradiation of the charged partide beam on the irradia- 
tion target is also stopped. Accordingly, when the con- 
trol unit (1 30) controls the switching device to cause it to 
switch on and off the beam extraction, the irradiation on 
the irradiation target can also be switched on and off. 
Since the electromagnets (220. 221) set the irradiation 
point of the charged particle beam in the irradiation unit 
(110), the charged partide beam extracted from the 
charged f:>article accelerator into the irradiation unit can 
be irradiated on the irradiation target. Since the control 
unit (130) controls the electromagnets (220, 221) to 
cause them to cfiange the irradiation point, the charged 
partide beam can be irradiated on another in^adiation 
point of the irradiation target. Even when the irradiation 
target has a complicated shape, the irradiation target 
can be irradiated with high accuracy through simplified 
control. The irradiation is continued until a target of irra- 



diation dose is reached and therefore, even when the 
beam intensity changes temporally, the irradiation target 
can be irradiated with uniform beam density. 
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Description 

BACKGROUND OF THE INVENTION 

The present Invention relates to a charged particle s 
beam apparatus which utilizes a charged particle beam 
for cancer therapy and diagnosis of an affected part. 

A technique of extracting a charged particle beam 
circulating through a charged particle accelerator on the 
basis of a diffusion resonance extraction method to uti- 
lize the charged particle beam extracted from the 
charged particle accelerator for medical treatment is 
desaibed in JP-A-5-1 98397. 

A conventional charged partide beam apparatus is 
illustrated in Fig. 45 of Rev. Sci. Instrum., Vol. 64, No.8. ts 
August. 1993, p.2088. This prior art will be described 
with reference to Fig. 9. 

In Fig. 9, a charged particle beam travels in z direc- 
tion. When temporally changing currents are passed 
through an x-direction scanning electromagnet 101 and 20 
a y-direction electromagnet 102, magnetic fields gener- 
ated by these electromagnets are also changed tempo- 
rally arxi the charged particle beam is scanned in the x 
direction (horizontal direction) and in the y direction 
(vertical direction). In Fig. 9. the number of x-direction 25 
scanning (reciprocation) operations per unit time is 
large and the number of y-direction scanning operations 
is small so that an irradiation field 99 may be formed. 
Widths a and b of the irradiation field 99 are determined 
by maximum currents of the x-direction scanning elec- 30 
tromagnet 101 artd y-direction scanning electromagnet 
102, respectively. 

But when an irradiation target has a complicated 
shape, the scanning widths and scanning speeds in the 
X and y directions must be changed while the charged 35 
partide beam being irradiated in order that the charged 
partide beam can be irradiated on the Irradiation target 
witii high accuracy and witii uniform beam density, and 
hence control of currents supplied to tiie x-direction 
scanning electromagnet 101 and 40 
y-direction scanning electromagnet 102 becomes very 
complicated. 

SUMMARY OF THE INVENTION 

45 

An object of the present invention is to provide a 
charged particle beam apparatus which can irradiate a 
charged particle beam on an irradiation target with high 
accuracy and with uniform beam density through simpli- 
fied control even when the irradiation target has a com- 50 
plicated shape, and a method of operating the 
apparatus. 

To accomplish tiie above object, according to the 
present inversion, a charged particle accelerator has 
switching means for switching on and off the extraction ss 
of a charged particle beam, an irradiation unit has elec- 
tromagnets for setting an irradiation point of the charged 
partide beam to be irradiated on an irradiation target, 
and a control unit controls the switching means to cause 



it to switch on and off the beam extraction and the elec- 
tromagnets to cause tiiem to change th irradiation 
point- 
In tiie present invention, when the switching means 
switches on the extraction of the charged particle beam 
drculating through the charged particle accelerator into 
the irradiation unit, the charged particle beam is irradi- 
ated on the irradiation target in the ioBdiation unit. 
When the switching means switches off the beam 
extraction from the charged partide accelerator into the 
inradiation unit, tiie irradiation of the charged particle 
beam on the irradiation target is also stopped. Accord- 
ingly, when tiie control unit controls the switching means 
to cause it to switch on and off tiie beam extraction, the 
irradiation on the irradiation target can also be switched 
on and off. Since the electi-omagnets set the irradiation 
point of the charged particle beam in the irradiation unit, 
tiie charged particle beam extracted from tiie charged 
particle accelerator into the irradiation unit can be irradi- 
ated on the irradiation target. Since the control unit con- 
trols tiie electromagnets to cause them to change the 
irradiation point, the charged particle beam can be inra- 
diated on another irradiation point of the irradiation tar- 
get. 

Further, in the present invention, an irradiation dose 
target setting unit divides tiie irradiation target into a plu- 
rality of irradiation regions and determines targets of 
irradiation dose at individual irradiation regions, an irra- 
diation dose measuring unit measures irradiatic^ doses 
of the charged partide beam at the individual irracfiation 
regions, and the control unit controls the switching 
means on the basis of the targets of irradiation dose and 
the irradiation doses measured by tiie trracfiation dose 
measuring unit. Since tiie control unit controls the elec- 
tromagnets such that the charged partide beam is irra- 
diated on each irradiation region while the irradation 
point being changed, tiie charged partide beam can be 
irradiated with high accuracy and with uniform beam 
density even when the irradiation target has a compli- 
cated shape. Further, since the control unit causes the 
irradiation to be continued until the irradiation dose at 
the irradiation region reaches the target of irradiation 
dose, the irradiation target can be irracfiated witii uni- 
form beam density even when the intensity of the 
charged particle beam changes temporally. 

When the switching means is a radio frequency 
applying unit for applying to the charged partide beam 
a radio frequency electromagnetic field containing a fre- 
quency of betatron oscillation of the charged particle 
beam circulating through the charged particle accelera- 
tor, the amplitude of betatron oscillation of tiie charged 
particle beam increases under the application of the 
radio frequency electromagnetic field to exceed a stabil- 
ity limit of resonance while the betatron osdilatlon of the 
charged particle beam circulating through the charged 
particle accelerator is brought into a resonance state, 
and the charged partide beam is extracted from the 
charged particle accelerator. This metiiod for extraction 
is called a diffusion resonance extraction metiiod and by 
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using the diffusion resonance extraction method, con- 
stant extraction of the charged particle beam can be 
ensured to permit the charged particle beam to be irra- 
diated with uniform beam density. 

Further, in the cancer therapy based on the 
charged particle beam, energy of the charged particle 
beam to be irradiated must be changed in accordance 
with a depth of the irradiation target. To meet this 
requirement, the extracted charged particle beam is 
irradiated while being changed in energy by either 
changing energy of the charged particle beam circulat- 
ing through the charged particle accelerator during the 
phase of acceleration or placing a plate-like material 
such as graphite at a site in the irradiation unit through 
which the charged particle beam passes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram shewing a first 
embodiment of a charged particle beam apparatus of 
the present invention. 

Fig. 2 is a graph showing an example of the relation 
between depth of an affected part and in-adiation dose 
of an ion t>eam. 

Rg. 3 is a perspective view showing a first embodi- 
ment of layers and irradiation regions. 

Rg. 4 is a block diagram of an operation unit. 

Rg. 5 is a flow chart showing a first embodiment of 
a method of operating the charged particle beam appa- 
ratus. 

Rg. 6 is a diagram showing range shifters. 

Rg, 7 rs a perspective view showing a second 
embodiment of irradiation regions. 

Rg. 8 is a flow chart showing a second embodiment 
of the method of operating the charged particle beam 
apparatus. 

Fig. 9 is a schematic perspective view showing a 
conventional charged particle beam apparatus. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

(Embodiment 1) 

Referring now to Fig. 1 , a first embodiment of a 
charged particle beam apparatus according to the 
present invention will be described. 

The charged particle beam apparatus of the 
present embodiment mainly includes a pre-accelerator 
98, an accelerator of synchrotron type 100. a rotational 
gantry 110 and a controller group 140. Ions of low 
energy from the pre-accelerator 98 are injected into the 
accelerator 100 and they are accelerated by the accel- 
erator 100 and then extracted to the rotational gantry 
110 inside a treatment room 103 so that an ion beam 
may be used for medical treatment. 

Main components constituting the accelerator 100 
will be described. The accelerator 100 is an accelerator 
utilizing the diffusion resonance extraction method for 



beam extraction in which betatron oscillation of a 
charged particle beam circulating through the accelera- 
tor 100 is brought into a resonance state and a radio fre- 
quency electromagnetic field is applied to the circulating 

5 charged particle beam to increase the betatron oscilla- 
tion thereof to thereby ensure that a stability limit of res- 
onance can be exceeded and the charged particle 
beam can be extracted from tiie accelerator. 

The accelerator 100 includes a bending electro- 

10 magnet 1 46 for bending the circulating charged particle 
beam, a radio frequency accelerating cavity 147 for 
applying energy to the circulating charged particle 
beam, a quadrupole electromagnet 145 and a multtpole 
electromagnet 1 1 for nnagnetic fields to the circulating 

IS charged particle beam to generate the stability limit of 
the resonance of the betatron oscillation, and a radio 
frequency applying unit for extraction 120 which applies 
a radio frequency to tiie circulating charged particle 
beam to increase the betatron oscillation. The accelera- 

20 tor 1 00 further includes a power generator for accelera- 
tion 165 which supplies currents to the bending 
electromagnet 146, quadrupole electromagnet 145 and 
multipole electrontagnet 1 1 and which supplies electric 
power to the radio frequency accelerating cavity 147. 

25 and a radio frequency power generator for extraction 
1 66 which supplies electric power to the radio frequency 
applying unit for extraction 120. 

The rotational gantry 110 will be described. The 
rotational gantry 110 includes quadrupole electromag- 

30 nets 150 and bending electronnagnets 151 which are 
adapted to transport a beam extracted from the aocejer- 
ator 100 to an irradiation target, and a power generator 
170 for supplying currents to the quadrupole electro- 
magnets 150 and bending electromagnets 151. 

35 The rotational gantry 110 further includes electro- 
magnets 220 and 221 which are provided downstream 
of one of the bending electromagnets 151 and operative 
to deflect the extracted beam in x and y directions. Here, 
the X direction is parallel to the bending plane of the one 

40 bending electromagnet 151 and the y direction is verti- 
cal to the bertding plane of the one bending electromag- 
net 151. The electromagnets 220 and 221 are 
connected with a power generator 160 for supplying 
currents to them. An in-adiation dose monitor 200 tor 

45 measuring irradiation dose distribution of the beam is 
provided downstream of the electromagnets 220 and 
221 and immediately before a patient starxding for the 
irradiation target. 

The controller group 140 will be described. The 

50 controller group 140 includes an irradiation control unit 
130. an operation unit 131 and an accelerator control 
unit 132. 

The irradiation control unit 1 30 is a control unit for 
controlling the extraction of the charged particle beam 
55 from tiie accelerator 100 into the rotational gantry 110. 
Since the charged particle beam extracted from the 
accelerator 100 into the rotational gantry 110 is inradi- 
ated on the irradiation target, controlling the extraction 
from the accelerator 100 is to control the irradiation of 
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the charged particle beam on an affected part. 

The operation unit 131 is a unit for determining data 
necessary for the irradiation control unit 130 to control 
the irradiation of the charged particle beam on the 
affected part. s 

The accelerator control unit 132 is a unit for control- 
ling the extraction of the charged particle beam from the 
pre-accelerator 98 into the accelerator 100, the acceler- 
ation of the charged particle beam circulating through 
the accelerator 100 and the transport of the charged io 
particle beam in the rotational gantry 1 10. 

The role of the operation unit 131 will first be 
described and a method of operating the charged parti- 
cle beam apparatus by means of the irradiation control 
unit 130 and accelerator control unit 132 will then be is 
described. 

Affected part information such as shape and depth 
of an affected part and a necessary irradiation dose R is 
inputted to the operation unit 131 by an operator. On the 
basis of the inputted affected part information, the oper- 20 
ation unit 131 calculates arxd determines an irradiation 
region, energy of the charge particle beam to be irradi- 
ated on the affected part and the magnitude of currents 
to be supplied to the electromagnets 220 and 221 . 

Here, the relation between depth of the affected 25 
part and energy of the charged particle beam will be 
described. Bg. 2 shows an example of the relation 
between depth in a body and irradiation dose of the 
charged particle beam. A peak of the irradiation dose 
shown in Fig. 2 is called a Bragg peak. The irradiation of 30 
the charged particle beam is effected at a position of tiie 
Bragg peak. The Bragg black peak position changes 
with energy of the charged particle beam. Accordingly, 
by changing energy in accordance with depths in the 
affected part, the charged particle beam can be irradi- 35 
ated on the whole of fhe affected part having a thick- 
ness in the depth direction. 

The operation unit 131 is shown in Fig. 4. 

An irradiation region former 133 of the operation 
unit 131 divides the affected part into a plurality of lay- 40 
ers. as generally designated by Li (i=1 ,2. • • • N), in 
the depth direction on the basis of the inputted affected 
part information, as shown in Fig. 3. An energy calcula- 
tor 134 determines beam energy levels, as generally 
designated by Ei, suitable for irradiation in accordance 45 
witii depths of tiie individual layers. 

Further, the irradiation region former 133 deter- 
mines a plurality of irradiation regions as generally des- 
ignated by Ai.j (i=1 , 2 • • • • N. j=1 , 2 • • • M), center 
points Pi.j of the irradiation regions Ai.j and coordinate so 
values (xij, yij) of the center points in accordance with 
shapes of the individual layers Li. Since the intensity of 
the charged particle beam is spatially distributed pursu- 
ant to Gauss disb'it)ution. tiie operation unit 131 deter- 
mines the individual irradiation regions Ai,j arKl their ss 
center points Pi.j on the t>asis of a size of the charged 
particle beam in such a manner that an irradiation 
region Aij somewhat overlaps an adjacent irradiation 
region. An irradiation dose calculator 135 determines 



targets of irradiation dose at the individual center points 
Pi,j on the basis of the necessary irradiation dose R, 

An electromagnet current calculator 136 deter- 
mines currents IXij and lYij supplied to the electromag- 
nets 220 and 221 in order tiiat the center of the charged 
particle beam matches the individual center points Pi,j. 

The operation unit 131 delivers to the irradiation 
control unit 130 beam energy Ei. irtdividual irradiation 
regions Ai.j. center points Pi.j. coordinate values (xij. yij) 
of the center points Pi.j. targets of irradiation dose Ri.j 
and currents IXij and lYij which are determined in 
respect of the individual layers U. 

A method of operating tiie charged particle beam 
apparatus of the present embodiment is shown in Rg. 5. 

(1) The accelerator control unit 132 controls the 
pre-accelerator 98 to cause it to eject a charged 
particle beam. 

(2) The irradiation control unit 130 delivers a beam 
energy level Ei stored therein to the accelerator 
control unit 132. 

(3) The accelerator control unit 132 supplies cur- 
rents to the bending electromagnet 146. quadru- 
pole electromagnet 1 45 and multipole 
electromagnet 1 1 in order to accelerate the circulat- 
ing charged particle beam to the en&gy level Ei 
and control the power generator for accelerator 165 
to cause it to supply electi'ic power to the radio fre- 
quency accelerating cavity 147, 

(4) When the circulating charged particle beam is 
accelerated to the energy level Ei, the accelerator 
confrol unit 132 corrtrols the power generator for 
accelerator 165 to cause it to supply currents to the 
quadrupole electromagnet 145 and multipole elec- 
tromagnet 1 1 in order to generate the stability limit 
of the resonance of betatron oscillation . 

When the electric power is supplied to the radio 
frequency applying unit for extraction 120. the beta- 
tron oscillation amplitude of the circulating charged 
particle beam increases and this results in the res- 
onance state of the betatron oscillation for the 
charged particle beam outside the stability limit. 

(5) The irradiation control unit 130 controls the 
power generator 160 to cause it to supply currents 
IXij and lYij to the electromagnets 220 arxj 221 in 
order tiiat the center of tiie charged particle beam 
matches an optional center point Pi.j. 

(6) The accelerator control unit 132 controls the 
power generator 1 70 to cause it supply currents to 
the quadrupole electromagnets 150 and bending 
electromagnets 151 in order that the charged parti- 
cle beam extracted from the accelerator 100 into 
tiie rotational gantry 110 is fransported to an 
affected part standing for tiie irradiation target 

(7) The irradiation control unit 130 compares a tar- 
get of irradiation dose Rij witii an irradiation dose at 
the particular center point Pi.j measured by the irra- 
diation dose monitor 200. 

(8) When the irradiation dos at tiie particular 
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center point Pi j does not reach the target of irradia- 
tion dose Rij, the irradiation control unit 130 con- 
trols the radio frequency power generator for 
extraction 166 to cause it to supply electric fxwver to 
the radio frequency applying unit for extraction 120 5 
in order to start the extraction from the accelerator 
100 to the rotational gantry 110. 

When electric power is supplied to the radio 
frequency applying unit for extraction 120, a radio 
frequency electromagnetic field is applied to the cir- 
culating charged particle beam to increase the 
betatron oscillation amplitude of the circulating 
charged particle beam. When the betatron oscilla- 
tion amplitude is increased until a stability limit of 
resonance of the betatron oscillation is exceeded, 
the charged particle beam is extracted from the 
accelerator 100 into the rotational gantry 1 10. In the 
rotational gantry 110. the charged particle beam is 
irradiated on an optional irradiation region Ai.j. 

(9) The inradiation control unit 130 compares a tar- 
get of irradiation dose Rij with an irradiation dose at 
another center point Ptj measured by the inradiation 
dose monitor 200. When the in*adiation dose at the 
center point Pi.j does not reach the target of irradia- 
tion dose Rij, the extraction is continued. 

(10) When the irradiation dose at the different 
center point Pi,j reaches the target of irradiation 
dose Rij. the irradiation control unit 130 controls the 
radio frequency power generator for extraction 166 
to cause it to switch off the extraction. Then the irra- 
diation control unit 130 controls the power genera- 
tor 160 such that the center of the charged particle 
beam nnatches a center point Pi,j-i-1 of next irradia- 
tion region Ai,j+1. 

(11) When the beam circulating through the accel- 
erator 1 00 is sufficient for use at the time that irradi- 
ation on the irradiation region Ai.j shifts to 
irradiation on the irradiation region Ai,j+1 , the oper- 
ation is can-ied starting with step (5) but when the 
beam intensity and the extraction time are insuffi- 
cient, the operation is carried out starting with step 
(1) for the purpose of replenishing the charged par- 
ticle beam. 

(12) When the irradiation doses reach the targets at 
all irradiation regions Ai.j of an optional layer Li, the 
operation starting from step (1) is carried out for 
next layer Li-t-l and all irradiation regions Ai+1.j are 
irradiated in a manner similar to that in the case of 
the layer U. 

(13) When irradiation on all of the layers Li of the 
affected part are completed, the operation of the 
charged particle beam apparatus en6s. 

While in the present embodiment the energy of the 
charged particle beam is set to Ei in the accelerator 
100, the energy of ttie charged particle beam may be 
changed in the rotational gantry 110. For example, 
range shifters 500 as shown in Rg. 6 are disposed 
immediately before tiie electromagnet for beam irradia- 



tion point setting 220. Then, by causing the irradiation 
control unit 130 to drive the range shifters 500 so as to 
change their thickness, energy of the charged particle 
beam transmitting through tiie range shifters 500 can be 
changed. 

According to the present embodiment, even when 
the irradiation target has a complicated shape, the 
affected part can be irradiated with high accuracy. Fur- 
ther, since the irradiation is continued until the irradia- 
tion dose reaches a target, the affected part can be 
irradiated with uniform beam density even when the 
beam intensity changes with time. 

(Embodiment 2) 

Next, a second embodiment of the present inven- 
tion will be described. Component construction of the 
present embodiment is similar to that of the first entxx^ 
iment. In the present emtxxiiment. however, each layer 
Li of an affected part is not divided into irradiation 
regions in the x direction but is divided only in the y 
direction as shown in Fig. 7. In other words, irradiation 
regions Ai.j are each wide in tiie x direction. Another 
irradiation region Ai,j is irradiated by changing the 
strength of a magnetic field generated by the electro- 
magnet 220 to scan the charged particle beam in the x 
direction. 

The operation unit 131 determines magnitude AlXij 
necessary for changing the magnetic field strength of 
the electromagnet 220 on the basis of an extent of each 
region Ai,j in the x direction. As in the case of embodi- 
ment 1 , the operation unit determines the beam energy 
Ei, individual irradiation regions Ai,j, their center points 
Pi,| (xij, yiD, targets of irradiation dose Rij, and currents 
IXij and lYij in respect of tiie individual layers Li and 
delivers them, together with tiie AlXij. to the irracfiation 
control unit 130. 

A method of operating the charged particle beam 
apparatus of the present embodiment is shown in Fig. 8. 
Excepting step (8), operation steps are the same as 
those of the first embodiment. 

In step (8). the irradiation control unit 130 controls 
the radio frequency power generator for extraction 166 
to cause it to supply electric power to the radio fre- 
quency applying unit for extraction 120 in order that the 
extraction from the accelerator 100 into tiie rotational 
gantry 110 is started and besides, controls the power 
generator 160 such that current IXij to the electromag- 
net 220 changes within a range of AlXij to cause the 
charged particle beam to be irradiated while being 
scanned in the x direction. 

In the present embodiment, too, the energy of the 
charged particle beam may be changed in tiie rotational 
gantry 1 10 by using tiie range shifters 500 as described 
in connection with embodiment 1 . 

While in the present embodiment the strength off the 
magnetic field generated by the electromagnet 220 is 
changed to scan the charged particle beam In tiie x 
direction and irradiate it on the irradiation region Ai,j, the 
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charged particle beam may be irradiated while being 
scanned in the y direction by changing the strength of 
the magnetic field generated by the electromagnet 221 . 

Claims 

1. A charged particle beam apparatus comprising a 
circular charged particle accelerator (100) and an 
irradiation unit (110) for irradiating a charged p>arti- 
cle beam supplied from said charged particle accel> 
erator on an irradiation target. 

wherein said charged particle accelerator 
(100) has switching means (130. 166) for switching 
on and off an extraction of said charged particle 
beam, said irr^iation unit (110) has electromag- 
nets (220, 221) for setting an irradiation point of 
said charged particle beam to be irradiated on said 
irradiation target, and a control unit (130) is pro- 
vided which controls said switching means to cause 
it to switch on and off the extraction of said charged 
particle beam and said electromagnets (220. 221) 
to cause them to change said in^adiation point 

2. A charged particle beam apparatus according to 
claim 1 further comprising an irradiation dose target 
setting unit (131) for dividing said irradiation target 
into a plurality of irradiation regions (Ai.D and deter- 
mining targets of irradiation dose at individual in^di- 
ation regions, and an irradiation dose measuring 
unit (200) for measuring irradiation doses of said 
charged particle beam at the individual irradiation 
regions. 

wherein said control unit (130) controls said 
switching means on the basis of the targets of irra- 
diation dose and the irradiation doses measured by 
said irradiation dose measuring unit (200). 



particle beam; 

setting individual irradiation points: and 
changing an optional irradiation point to 
another. 

5 

7. A method of operating the charged particle beam 
apparatus as recited in claim 2. 

wherein a plurality of irradiation regions (Ai.j) 
are determined on an irradiation target, targets of 

10 irradiation dose at individual irradiation regions are 
determined, irradiation points for each of the indi- 
vidual irradiation regions are set. a charged particle 
beam is extracted from a circular charged particle 
accelerator (100). an irradiation dose of said 

75 charged particle beam at the optional irradiation 
region is measured, an extraction of said charged 
particle beam is switched off on the basis of the tar- 
get of irradiation dose and the measured irradiation 
dose, and the irradiation point is changed from said 

20 Optional point to another. 

8. A method of operating the charged particle beam 
apparatus according to claim 7. 

wherein a radio frequency electromagnetic 
25 field is applied to said charged particle beam to 
switch on tiie extraction of the charged particle 
beam, and the application of said radio frequency 
electromagnetic field to said charged particle beam 
is stopped to switch off the extraction of the charged 
30 p)article beam. 

9. A method of operating the charged particle beam 
apparatus according to claim 6 or 7 further compris- 
ing the step of changing energy of said charged 

35 particle beam. 



3. A charged particle beam apparatus according to 
claim 1. wherein said switching means is a radio 
frequency applying unit (166) for applying to said 40 
charged particle beam a radio frequency electro- 
magnetic field containing a frequency of betatron 
oscillation of said charged particle beam circulating 
through said charged particle accelerator (100). 

45 

4. A charged particle beam apparatus according to 
claim 3 further comprising energy changing means 
(500) for changing energy of said charged particle 
beam to be irradiated on said irradiation target. 

so 

5. A charged particle beam apparatus according to 
claim 4. wherein said energy changing means (500) 
is disposed in said irradiation unit (1 10). 



6. A method of operating the charged particle beam ss 
apparatus as recited in claim 1. comprising the 
steps of: 



switching on and off an extraction of a charged 
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